06/13/2005 i0:45 FAX 9087073706 



NNSC PATENT/LEGAL DEPT. 



@006/020 



(43) Date of publication: 

01.10.1997 Bulletini 997/40 



Europaisches Patentamt 
European Patent Office 

Office europden das brevets (i i } 

EUROPEAN PATENT APPLICATION 

(51) lniCI.«:C09J 153/02 



illllillilllliP 

EP 0 798 358 A1 



(21) Application nufrtwr: 97105140.4 

(22) Date of filing: 26mi997 



(84) Designated Contracting States: 




(72) Inventors: 




AT BE CH DE DK ES R FR QB GR IE IT U L 


UMC 


• Undquist,JtffrBy& 




NLPTSE 




Cottage Grove, Mlnne 


sola 55016 (US) 


Designated Extension Stales: 




• Knutson, KeKh C. 


ALLTLVROSI 




Shorevlew, Mlnne sot: 


55126 (US) 


(30) Priority: 29.03.1996 US 625739 




(74> Representative: Malwa 


Id, WbHer, Dr. Dlpi.-Cliem. 






etal 




(71) Applicant: 




MaNvald & Partner, 




H.B. Fuller Licensing & Rnanctng, Inc. 




Poccislrasse ll 




St. Paul, Minnesota 55110-5132 (US) 




80336 MOnchen (DE) 





(54) Radial styrene-lsoprene-styrene based labeling pressure sensitive adhesive 

(57) A hot nwit adhesive composition conprising 
from about 5% to alnut 15% weight oi at least one 
radial styrene-isoprene-styrene blocl< copolymer having 
the general connguration (pSi)l-pB)hX wherein n is a 
nun<>er greater than 2, said block copolymer having a 
molecuiar weig^ from about 90.000 to about 380,000. 
and preferably from about 100.000 to about 250.000, 
and a styr one content from about 1 S% to about 35% by 
weight and pref eraUy from at>out 20% to about 30% 
weight up to about 10% of a compatible polymer, 
wherein the total polymer content does not exceed 
1 5%: from about 30% to about 60% by weight of at least 
one compatible taddtylng resin: fram about 20% to 
about 40% ty weight of at least one compatMe plasti- 
cizer: and from about 0.1% to about 2% by weight stabi- 
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Description 

Held Of The Invention 

B This invention relates to a hot mett adhesive oonposction comprising a novel radial styrene-isoprene^lyrene block 
copolymer that is useful as a labeling adhesive, especially in the bottle labeling area. 

Background Of The Invention 

to Hot nielt pressure senshive compositions are used wridely in the edhesive industry due to their atiilSy to adhere to 
a wide variety of sub6trate& Block copolymers are a preferred base due to their good heat stability, high adhesive 
strength, elastomeric properties, and compatibility with a wide range of tackifiars and piastidzers. A primary property 
of a hot melt pressure sensitive composition is that K remains taclcy at room temperature and can be adhered to sub- 
strates when it has completely cooled from its molten state. 

16 Applications requiring this property include labeling. Paper, polyethylene, polypropylene, polystyrene, composttes 
or laminates, or ether such substrates may be coated with the hot melt pressure sensitive adhesive, which Is then cov- 
ered with release liner, and then sh^ed for later application of the labels to substrates such as various containers, 
books, ntagazines. comigated boxes, and envelopes to name Just a f^. 

In addition to the types of labeling mentioned above, there is also bottle and container labeling where the hot melt 

so adhesive is applied to the bottle or container itseH. and the label is then adhered to such bollla or container on-line. The 
labels are not precoated and shipped as in the exanples above. The most widely used materials for boMes or contain- 
ers include, but are not limited to. glass, potyetl^iene terephthalaie or "PET. polyethylene, polypropylene, and polyvii^ 
chloride (PVC). Such mater^ls are generally difficult to bond, and the use of block copolymers as the adhesive base 
will facilitate the bonding. 

ss Hot melts for botUe labeling are generally characterized by having low viscosities artd long open limes. Low viscos- 
ities are required because of the types of equipment used for bottle labeling and the restrictions that this equipment 
imposes. The equipment is run at very t«gh speeds and stringing of the adhesive wffl occur if the viscosities are too 
high. Line speeds can be as high as 1000 botties/minute. 

These adhesives are further characterized by having good cold temperature flexbiBty, and excellent adhesion to a 

30 wide variety of substrates. Good cold temperature flexibiTity and excellent bondability are required because the bottles 
or containers are often for beverages, and are fHled on-line prior to labeCng. These containers are therefore often cold 
and wet which puts further demands on the adhesive Bottle expansion which occurs during fflling requires that the 
adhesive have good flexBiinty. 

In addMon, these adhesives require good heat resistance for sWpf^ng and tor storage in the summer months. Tsm- 

35 peratures inside shipping vehicles can exceed SO^C. It can be difficult to achieve high heat resistance while maintaining 
^od cold temperature flexibility, long open times, and very low viscosities because these chaiacteristks work in oppo- 
sition to each other. 

A recent trend tor boBie labeling manufacturers is to reduce costs by using lower gauge substrates. These sub- 
strates are often polyethylene, polypropylene, or composites of such materials which are heat sensitive As the gauge 

40 of the film decreases, the films become more heat sensitive. Adhesive application temperatures must ateo be 
decreased, and optimutn temperatores for these films are between about IZO^C and about ISO^C. Conventional hot 
melt adhesives are applied at temperatures of about IS^C to about 175^0. Viscosities of ttwse conventional hot melt 
adhesives would be optimal, therefore^ at tenperatures of greater than about ISS'^C These hot melts oouU therefore 
not be applied at temperatures of less than about 150°C without machining difficulties such as stringing of the hot melt 

45 adhesive and nozzle clogging. As tempeiatures are decreased, it is also more difficult to get good adhesion to difficult 
substrates. It is, therefore, an advance in the art to offer hot melt adhesives that can be appliad at lower tenperatures 
while maintaining the characteristics of conventtonal hot melt adhesives such as good adhesion and Ngh heat resist- 
ance. 

U.S. Pat rto. 5.292.819 to OieM et al.. issued March 8. 1994, disckisesthe use of a radial styrene-isoprene-styrene 
so (S-l-S) blocK copolymo- having the general configuration (pS-pl-p^n^ where n is a nunber greater than 2 tor use In 
various hot melt applicattons such as for disposable artnles. However, Diehl does not teach the use of these polymers 
in hot mett adhesives for labeling applications. The adhesive formulations that Diahl teaches could not in fact t>e used 
for labeling applications because of the viscosity constraints snposed by hot melt labeHng. The formulations of this 
invention have higher polymer contents and are too high In viscosity. 
55 U.S. Pat. No 5,399.627 10 DieW 6t al.. issued March 21.1 995. (fisdoses the use of a rsdial S-l-S block copolymer 
having the general conTtguration (pS-pl-pB)nX where n is a number greater than 2, for use in hot melt adhesives tor 
tapes. The physkal characteristics for a hot melt tape adhesive are vastly different «ian Ihe physical characterislics of 
a hot meft labeling acfliesive. Diehl teaches hot meH adhesives that would be too high in viscosity for application tem- 
peratures of about 120°C to about 1S0°C. These adhesives would also be much too high In viscosity for njnning on high 
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speed labeling ecpjipment. 

Similarly, U.S. Pat. No. 4,411 ,954 to Butch, III etal.. issued October 25. 1963, discloses a styrena-isoprene-styrene 
based hot melt pressure sensitive hot melt adhesive Ibr diaper tape dosures. These adhesives again would be much 
too high in viscosity to be run on high speed labeling equipment The visoosities of this invention are shown to be 

5 greater than about 6000 cPe at about 1 63°C in contrast to the adhesives of the present invention where the viscosity is 
less than about 3000 cPs at ^2(JPc. 

U S. Pat. No. 5.057,571 to Malcolm et aL. issued October 15. 1991 . discloses the use of a radial block copolymer 
having the general configiffation (A-B)ni-Y-(B)^ where the A blodc comprises styrena and the B block conrprises buta- 
diene, isoprene. or mixtures thereof for disposable article construction. Malcolm does not teach the use of these prod- 
to ucts for labeling applications. Malcolm traches hot melt compositions that would be much too high in viscosity for 
labeling applications. The adhesive compositions of Malcolm ^al. disclose adhesive compositions that are greater than 
about 6,000 cPs at aix)ut 1 35°C in contrast to oorrpositions of the present invention which have viscosities of less than 
about 3.000 cPs at about 120°C. Therefore, the oonpositions of Malcolm et al. could not be used for applications where 
the requirements are for very low viscosities such as for bottle labeling. 

IB U.S. Pat. Na 4,61 9.851 to SasaM et al., issued October 28, 1986, teaches the use of a combination of a thermo- 
plastic rubber and an aliphatic hydrocarbon resin to achieve a slight incompati>i6ty of the hot meH adhesive to invirove 
die cuttability of labels. The rubber content of this invention is higher than the present invention. These products would 
be too high in viscosity for use on high speed labefing equipment. 

U.S. Pat Na 4.944,994 to Flanagan, issued July 31 , 1990, teaches hot melt pressure sensitive adhesive cortposi- 

20 tions for use in casemaking lor booM)inding. This invention utilizes a radial styrene-butacfiene-slyrene block copolymer 
with a styrene content greater than about 35%. This invention does not disclose the use of these products fbr labeling. 
TTiese products have high tensile strengths and high modulus which are advantageous lor casemaMng but would be 
disadvantageous fOr labeling applications, m addttion, these products would not achieve the high tack properties useful 
for permanent labeling as in the present Invention. 

S3 U.a Pat. No. 4.71 4.749 to IHughes et al.. issued December 22. 1987, disdoses the use of a fully saturated petro- 
leum resin in combination with a saturated rTndbk>ckthermoplaslic elastomer such as Kraton™ a Kraton~ Q is a satu- 
rated, block copolymer having ethylene-butadlene as the midblock in contrast to «ie base polymers of the present 
invention which contain iscprene as the midblock. These adhesives are oil free sv&ems, and contain saturated mid- 
block dastomeis In concentrations of greater than about 38% by weight of ihe total adhesh« In contrast to the present 

90 invention where the polymer content is from about 5% to about 1 S% by weight of the adhesive. Hughes et al. does not 
teach how to make adhesives wHh very kw polymer content. The compositions of Hughes et al. would be much higher 
in viscosity and not useful tor applications where the compositions of the present invention are used. 

U.S. Pat. No. 4.460.364 to Chen et al., issued Jidy 17. 1984. teaches the use of Oibbery block copolymers as the 
base for removable pressure sensitive adhesives for sanitary products. Removabld PSAs are precoated onto such 

35 products as band aids, labels, and panHliners to name just a few The PSA is then covered wWi a release liner to allow 
for shipping and storage of the f ira'Bhed product When the finished product is used, the release liner is removed, the 
product is placed on the desired surface, (person, garment macMne, article, to name a f ewy and hand pressure is used 
to adhere the two substrates together. The adhesive, therefore, txxids at anr^ient temperatures, without heat This is 
not a pemianent bond, however, and upon removal of the label, band aid, panfiFmer. etc., it is desired that no resWue 

40 should be left on the remaining sur^. The desired characteilstics of removabld PSAs therefore, include aggressive 
quick stick, which Is the abiBty to immediately adhere to a substrate upon appBcation. lack of residue on the remaining 
surface, and lew peel adhesion. The adhesives of the present invenlion. in contrast, are permanent grade PSAs used 
to pemnanently bond two substrates togeBier rather than forming a temporary bond. They are used to mate tm sub- 
strates together using application tenrperatures of greater than dbout 120'>C but less than about 1S0°C. lalherlhanat 

45 ambient temperatures. The adhesive oomposHnns of Chen et aL, have high block copolyiner contents, greater than 
about 18%, and «ie viscosities vkjuU also be much too high in viscosity for high speed labeling equipment. The adhe- 
sives of Chen et al., would be applied using such methods as slot die coating or spiay applicatton. 

U.S. Pat No. 4.136.699 to Collins et al.. issued January 30. 1979. discloses a disposable article lor ^>sortMig fluids 
conprising a hot melt adhesive which contains from about 1 0% to about 20% by vi«ight of a radal block copolymer hav- 

SB ing the general configuration, A-B-A, vAwb A is polys^rene. and B is an essentially saturated poly(mono-oief in). An 
example of the midblock would be elhylene-butadiene. These adhesives are also removable PSAs. This is in contrast 
to the present invention where the B block is isoprene. and the adhesive is a permanent srade PSA. 

U.S. Pat. No. S.360,854 to Bozich, Jr., issued November 1, 1 994, disdoses a hot melt pressure sensitive adhesive 
based on styrene-toutadiene-styrene block copolymers, such adhesives having high block copolymer contents. In addi- 

ss tion, the block copolymer ol Bozich contains percent styrene from about 3S% to about 55% by weight of the block copol- 
ymor. Higher percentages of styrene result in hard block copolymers that are difficult to tacMfy. These adhesives are 
also oil free and are high in viscosity. They could not be used in appHcations where those of the present invention are 
used. 

The present inventors have found that usng low amounts of radial S-l-S block copotymers. having the general con- 
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figuralion (pS-phpB)nX or (pS-pl)nX as the base polymer tor hot melt preseure sensMve adheslves allows Ibr kw vis- 
coshy adTiesives that can t>e applied at tenperatures of about tTXfiC to atxHit ISoCQ «Me still providing excellent tack, 
adhesion, flexibflity, cohesive strength, and heat resistance. 

5 Summary Of The Invention 

The presert Invention discloses a hot melt pressure sensitive adhesive comprising a) from atjout 5% to about 1 5% 
of at least one radial styreneHsoprene-styrene block copolymer, having the general configuration (pS-pliJB>nX or (pS- 
pl)nX wfwein n is a number greater than 2. said btock copolymer having a number average molecular weight from 

10 ettMut 90,000 to about 380,000. and preferably from about 100.000 to about 250,000 and a styrene content between 
about 1S% and about 39% by weight of the Uock copolymer, and preferably firom about S% to about 1 0% by virefght of 
at least one radial Uock copolymer: b) up to about 10% by weight of a compatible polymer wherein the total polymer 
content does not exceed 10%; c> from about 30% to about 60% by weight of at least one compatible tacWfying resin; d) 
from about 20% to about 40% by weight of at least one conipatible plasticizer: and e) from about 0.1% to about 2% by 

IS weij^ stabilizer. 

Blencfing of the individual conponents results in a compatible mixtura Convatible refers genenrily to a lack of 
phase separation of the individual components. 

The rwuttant hot melt pressure sensitive adhesives are characterized by viscosities ofless than about 3000 cPs at 
about IZO^C, and preferably less Itian about 2000 cPs at 120°C: and Shear Adhesion Failure Temperatures of greater 
20 than about 50°C, and more preferably greater than about 55PC. 

The adhesives of the present Invention maintain excenent adhesion, ooki tenperatire flexibility, heat resistance, 
and cohesive strength while maintairting very low viscosities compared to similar formiialtons with conventional biodt 
copolymers. These adhesives have excellent adhesion to difficult substrates including but not limited to PET, glass, pol- 
ystyrene, poly^lene, polypropylene, and laminales or conposrtes. These adhesives can be mffied at tenv>eratures 
zs betwraen about 120'>C and 150°C. 

Contrary to the prior art. these polymers are useful in amounts of less than about 1 S% by weight of the total adhe- 
sive hmvta. The resultant adhesives have very kiw viscosities, and therefore can be applied at temperatures between 
about IZO'C and 1 50°C. In feet, the hot melt pressure sensitive adhesives of the prior art could not be used in the labe- 
ling area where Ihe application equipment used requires very low viscosties. They could also not be used fbr lower 
30 gauge fSms because film dstortion occurs with the higher application tenperalures required to apply conventional hot 
melt adhesives. It is, therefore, an advance in the art to provide a hot meK pressure sensitive adhesive that Riparts 
excellBnt adheskm. high heat resistance, and very kiw visoosily. alkiwing it to be applied at low temperatures, when 
compared to the prior art. 

These adhesives can be used in an Mnds of appiicationB where pressure sensitive adhesives might be used, and 
ss specHically they can be used in the tabeOng area. These adhesives wouM be espectally useful for bottle labeling, where 
very low viscosities are required. 

Detailed Descriptkm Of The invention 

<o The radial bkxk oopotymers useful herein are those having the general corf iguralion (pS-pl-pB)nX or (pSi3l)„X 
where pS is polystyrene, pi is polyisoprene, p5 is polybutadienoi X is a residue of a multifunctionai coMsling agent used 
in the production of the radial block ojpolymer. and n is a number greater than 2 representing the nuirter of branches 
appenf ed to X, which are also referred to as arms. The number of branches is preferably 3 to 5, and more preferably 
4. It is cfifficuH to obtain a radial block copolymer, however, that f»s as its composition on^ molecules with 4 branches. 

45 Some molecules with 3 branches and some molec Jes with 5 branches may also be present. It may also be possible 
that molecules vrth other than 3, 4, and 5 branches may be presert. K is preferable that the radbl block copolymer con- 
tarns greater than about 60% of the 4 branch molecules. The number average molecular weifi^ is from about 90.000 
to about 380.000. and preferably from about 100,000 to about 250.000. Although a prefened molecular weight range is 
specified for maintaining low viscosities, it vrouW be knovm to one of skill in the art that a knver amount of a higher 

50 molecular weight polymer can be used to achieve the same viscosity range. The styrene content is from about 19% to 
about 35% of the racfial block copolymer, and is preferably from about 20% to about 30%. H iS preferable to maintain the 
styrene content in this range to achieve optimum flexibility. The coupling efficiencies of these polymers are greater than 
about 60%. and preferably greater than about 70%. CoupBng efficiency refers to the amount of trtooc* present versus 
diblock in the block copolymer. Coi^jDng effiaency is important in achieving higher heat resistance. The tower the cou- 

55 pnng effkaency. the higher the dijlod^ content and the softer the polymer whfch may result in lower heat resistance 
Useful polymers include DPX-550. DPX-551. and OPX-552 polymers available from Dexco Pdymais in Houston, 
Texas; Kraton™ D-1124 available from SheD Chenwal Co. in Houston, Texas; and Quintac™ SH-108 and Quintac" 
3450 available from Nippon-Zaon in Tokyo, Japan. All are radial s^eneHSoprene-styrene polymers. These polymers 
are useful from about 5% to about 15% by weight and preferably from about 5% to about 10% by weight. 
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The tackifying rssins useful herein can include aliphatic, cycloaliphatic and aromatic hydrocartxm resins and hytlro- 
genated derivatives, and mixtures thereof; rosins and rosin derivatives, and terpenes and modified terpenes, and mix- 
tures thereof. These tackifying resins have a Ring and Ball softening point of between about 70°C and about ISO^C. 
One sMDed In the art wouM reoognize that these tackifying resins are available with differing levels of hy<lrogenat>on. 

5 Useful resins include Eastotac™ H-100 and H-1 30 from Eastman Chemical Company which are partially hydroganated 
cycloafiphatic petroleum hydrocarbon resin with different softening points; Escorez™ 5300 and Escorez*^" 5400, par- 
tiaOy hydrogenated cycloaliphatic petroleum hydrocarbon resins, and Esoorez™ S6C0. a parHally hydrxigenaled aro- 
matic modified petroleum hydrocartxxi resin all available from Exxon Chemical Conpany ; Wingtack^ Extra which is an 
aliphatic aromatic petroleum hydrocarbon resin available from Goodyear Chemicals; Hercdite"' 2100 which is a par- 

10 tially hydrogenated cycloaliphatic petroleum hydrocartxwi resin available from Hercules; Zonatac™ 105 Lite which a 
styrenated terpene f^rocaibon resin, made from d-limonene and avalable from Arizona Chemical: Syhotac"* 1 103 
available from Arizona Chemical. UnHac™ R-100 Ught available firom Union Camp and Permalyn 305 available from 
Hercules which are all pentaerythritol nosin esters. These taddflers are useful In the range from about 30% to about 
60% by weight in the adhesive. 

15 The compatible polymers useful herein can include A-B-A triWock copolymers, and A-B dWock copolymers, A-B- 
A-B-A-B multiblock copofymers. and radial block copolymers, and grafted versions thereot homopolymers. copolymers, 
and terpotymers of ethylene; and propylene. Block copolymers having the general configuralion A-B-A. having styrene 
endblocks and elhylene-butadiene midblocks, descrtied in Collins et ai., LI.S. Pat No. 4.136.699, wrould be usetii in 
amounts of lees than about S% by weight in the adhesiva These polymers are availaUe under the trade name of Kra- 

so ton™ G commercially available from ShsU Chemical Co. . located in Houston, Texas. One skilled in the art wouU recog- 
nize that there are various grades of Kraton™ G available for use. Some exanples include Kraton™ G-1726, Kraton™ 
Q-1657. Kralon~G-1652. and Kraton"'G-16S0. saturated A-B diblock^A-B-Atriblock mixtures with ethytene4Mtadiene 
midbtocks; Kratoo™ D-1 1 12, a high percent A-B cfibkx* inear Btyrene^^opren6-styre^e polymer; Kraton™ D-1 107 and 
Kraton"' D-1 1 1 1 . primarily A-B-A triUock linear styrene-isoprene-styrene polymers: Stereon™ 840 A and Stereon 841 A. 

es an A-B-A-B-A-B multiblock styrane-butadtane-styrene polymer available from Rrestone located in Akron. Ohio; Euro- 
prene™ Sol T 198B. a linear styrene-lsoprene-styren© polymer available from Enichem Elastomers in New Vfark. NY; 
Europrene™ So) T 163. a radial styrene-butadienMtyrene potymer also avaSable from Enichem Elastomers: Vector™ 
4461-0, a linear styrene-butadiene-styrene polymer available from Exxon Chemical Co. in Houston. Texas; Vjador™ 
41 11 , 421 1 , and 441 1 . fully coupled Gnear styrene-isoprene-styrene polymers containir^ different weight percentages 

30 of styrene endblock; and Vector™ 41 13, a highly coi^Jled Enear styren^isoprene-styrene polymer also available from 
Exxon Chemical Co. Other polymers, such as homopolymers, copolymers and terpotymers of ettiylene, and polypropyl- 
ene may be useful di amounts of less than about 5% by weight in the adhesive. Some exanples Include ethylene vinyl 
ac^e copolymers such as Elvax~ 410 and Elvax™ 210 available from DuPont Chemical Ca located in WUn^ngton. 
□E; Esoorene UL 7505 available from Exxon Chemical Ca; URraihene UE 64904 available from Quantum Chemical 

35 Corp. In Rolling Meadows. Illinois; and AT 1650M available from AT Polymers & FDm Ca in Charlotte. NC. Other useful 
polymers Include Exact 5O08, an ethylene-tutene polymer; Exxpol SLP-0394, an ethyleneixapylene polymer: Exact 
3031, an e&iylene-hexene pdymer aO available from Exxon Chemk»j Ca; and Insight SM-8400. an ethylene-octene 
polymer available from Dow Chemical Ca located in Mklland. Ml. These compatible polymers are useful up to about 
10% by weight 

40 A minimum amount of plastidzer is necessary to the present Invention. Plasticizers may indude oil. liqukl re^ns, 
liquid elastomers, or any other material which flews at amWent terrperatures and is oonpaf ble *wth the bkick copoly- 
mer. A plasticizer is tiroadly defined as a typically organic compositton tfiat can be added to thermopiastnSb rubbers, 
and other resins to Improve extrudabiltty, flexibiUty, workability, or sIrelchabWty. 

The plasttetzers useful herein can include mineral or petroleum twsed hydrocaftxm oils, pdyfautene. lk|uU tackify- 

45 ing resins, liquid elastomers, or functnnalized o'ls such as glyceryl trihydrox)^eate or other fatty oils. The als used are 
primarily hydrocarbon oils, are low in aramatic cortent and are paraffBiic or naplhenic in character. The oils are prefer- 
ably low in volatility, transparent, and have as little color and odor as possiWe This invention also conterrplates «ie use 
of olefin oligomers, kwv moiecidar weight polymers, vegetable oils and their derivatives and similar fdasticizing liquids. 
These pfastteizers are useful in amounts of firom about 20% to about 40% by weight 

so Examples of useful plasticizers include Calsol™ 5120. a naphthenic petroleum based oO available from Calumet 
Lubricants Co. In Indianapolis, IN; Kaydol™ White Mineral Oil. a parafflrft: mineral oH available from Witco Corp^ in New 
York, NY; Parapol™ 1300, a liquW butene homopolynter available from Exxon Chemical Co. in Hoi«ton, TX; Indopol H- 
300, a liquid buene homopolymer. available from Amoco Corpi in Chlcaga IL; Escorez 2520, a liqiid arxxnatic petro- 
leum based hydrocarlxjn resin with a pour poirt of 20°C, available from Exxon Chemical Ca; Regalrez 1018. a liquki 

55 hydrogenated aromatfc hydrocarbon resin with a pour point of IBPC. available from Hercules. Inc. in Chicaga IL; and 
Syfvatac 5N, a liquid resin of modified rosin ester wHh a pour point of S^C. availatile from Arizona Chemical Ca in Pan- 
ama City, FL One skilled in the art would recognize that any generic 500 second or 1200 second napfUhenic process 
oa woukl also be useful. 

A stabilizer or antioxidant can also be used In hot melt adhesives. These compounds are added to protect the adhe- 
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sive from degradation caused by reaction with oxygen induced by such things as lieat. ligttt, or residual catalyst from 
the raw n>aterials such as the tackifyir>o resin. Such antlOMdants are commerctalV a\«ilable from Cft>a-Geigy and 
Include frgeinox™ 1010 and Iroanox™ 1076 which are hindered phenols. These are primaiy anticoddantB wrhich act as 
radical scavengeis and may be used alorte or in contiination with other anttaoddantB such as phosphite antioxidanls like 

5 Irgafos™ 1 68 available from Cba-Gei^. Phosphite catalysts are considered secondary catalysts and are not generally 
used alone. These are primarily used as peroxide deconnposers. OSier aMailable catalysts are Cyanox^ LTDP available 
from American Cyanamide, and Ethanox™ 1 330 available from Albemarle. Many such antkocidants are available either 
to be used alone or in combination iwith other such antioxidants. These coirpounds are added to the hot melts in small 
amounts and have no effect on the other physical properties. Other compounds that could be added fliat also do not 

10 affect physical properties are pigments which add color, or fluorescing agents, to mention only a coLple. Add Kives like 
these are known to those skUled in the art. The adhesive of the present invantton is useful in labeling, including bottle 
labeling, and other uses. 

The adhesives ol the present invention are characterized by axceBent heat resistance, cold tenperature flexibility 
and bondabiCty. and low viscosities. 
IS Low viscosities are required tor high speed labeGng appGcalions, and where equipment constraints prevent the use 
of high viscosity material. K an adhesive is too Mgh in viscosity for a particular application, poor machining of the adhe- 
sive occurs which is manifested In stringing, or angel hair, and noztla clogging. The adhesives of the present invention 
have viscosities of less than about 3000 CPs at 120°C. 

Low visoositiss also allow for kwer application temperatures. A standard application temperature is greater than 
so about 1 SO^C. The adhesives of the present invention may be applied at temperatures of (yeater than about 1 ZOfC. The 
recent trend in the labeling Industry has t>aen to use knver gauge f ams as a cost savings. Lower gauge films (fistort eas- 
ier wHh heat and therefore require lower application tennperatures. 

High heat resistance is required for shipping and storage in surnm^ months when tenperatures In vehicles or 
warehouses may exceed SO°C. Heat resistance can be measured by Shear Adhesion FaRure Temperature or SAFT. 
ss The adiesives of the present invention are characterized by SAFT values ai greater than about SO^C, and preferably 
greater than ^ut 55^C. 

Cold temperature flexibility is required for shipping and storage in the winter months- R is also necessary lor bottle 
labeling where bottles are being filled with cold beverages, and the condition s in flie plant may be cold with a lot of con- 
densation. Cold temperature flexbilrty may be characterized by the gtasa transilion temperature or Tg. TTie adhesives 
30 of ttw present invention have Tg values comparadsle to adhesives of the prior art wHls having superior heat resistance 
to Biose of the prior art. This is a desirable characteristic. 

The Invention is further illustrated by the following norvlimiting examples. 

Examples 1-3 And Comnaratltfa git anmles A4 and K.P 

35 

Test Methtids 

1. MeltVisoosities 

The melt viscosities of the hot melt adhesives ware determinad on a Brookf laid Thermosel Viscomater Model 
40 DVI using a nun*»r 21 spindtet 

2. Shear Adh esion Failure Tempetatura fSAFH 

The adhesive is cast from a solvent Uend as a 1 mil f Dm using a Baker Appficator on a 2 mil gauge polyester 
(Mylar~) fim. The adhesive to solvent ratio is generally 1 :l. The adhesive film Is allowed to dry. Release Oner is 
placed over th e top of the film and 4 Inch squares are then cut from the fibn. AI inch x 4 inch area is marked and 
4S mylar film is placed over the top of this. This is then cut into four samples, each having a 1 inch x 1 inch bonded 
area. The bonds are allowed to dwell for 1 2 hours and are then placed in a programmed oven with a SOOg weight 
using a shear mode. The oven is started at 25°C and is ramped at 25°C per hour tor three hours. The oven auto- 
matically records the tenperature at which Ihe samples fail cohesively. 

so Peel values were detennined using test method #PSTC-1. About 1 mH adhesive film is coated onto polyester 

(Mylar^ film out of a solvent blend using a Baker. Appicator. Samples are then cut into 1 inch x 8 inch sfrips for 
determining peel ralues. 

4. Ux» T&ck Teshno 

About 1 mil adhesive film is coated onto polyester (Mylar"^ film out of a solvent Uend using a Baker Applicator. 
55 The film is allowed to dry for a minimum of 24 hours. The film is then mated wiBi release finer, and cut into 1 inch x 
5 inch sfrips. A test sample is then inserted into a ChemsuHants International Loop Tack Tester with the adhesive 
side facing out (release liner removed). The Loop Tack Tester automalicariy records the tack value in ozAn^. 

5. Rheokxacal Measurement Of Pohrmer Melts Using Dynmrin Mechanical Proeadures 

Rheological data was determined using ASTM m^hod D4440-84. A standaidl step test was used versus con- 
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tinuous temperature ramping. The dwell time was 2.5 minutes temperature tsetbre each run. The frequency was 1 0 

radianefeecond. 

6. MonenQaremerCoter 

ASTM Method D 1544 is used to measure Molten Qardner Colors with a Gardner Delta Illuminator and a Qard- 
5 ner Delta Comparator made bf PaoTic Scientific Qardner LatxxBtory Division In Belhesda. Maryland. 

The adheslves of the present invention are characterized by viscosities of less than ^ut 3000 cPs at atXHit 
1 75°C. SAFT values of greater than about 50°C. and preferably greater than about SS^C, and Tg values of less than 
about 20°C. and preferably less than about 10°C. 

to The adhesive exarrples of the invention are also dear and essentially colorless, having Molten Gardner ColorB of 
less than about 3. This is advantageous where the label stock is also clear. The adhesive user woiid prefer adhesives 
that could not be seen through the label. For applications in wfdch color is not an inportant factor, other raw materials, 
such as different tacWiers. may be used which ¥»ould result in higher Molten Qardner Color. 

The adhesive samples were prepared by first making a preblend of a 1 :1 rubber to tacKfier mixture. This was pre- 

15 pared on a high shear eigma blade mixer manufactured by Uttleford Day located in Florence, ICY. The preblend is then 
slowly added to approximately 60 grams of tacMfying resin using a single blade mixer heated to about 175^C. These 
single blade mixers may also be characterized as upright or lightening mixers. The rest of the components, including 
remaining tacWfying resin, if any. are then slowly added and the resultant blend is mixed until homogeneous. 

20 ExanqMe 1 And Comparative Examples A-l 

This example illustrates the superior high heat resistance that can be obtained using the radial styrene-isoprene- 
styrene polymer of the invention, wh9e maintaining a low visoosity profOe, as compared to conventional Uock polymefs. 
All of the test adhesives have been formulated with a pdymer level of 10% by weight in the adhesive. The heet resist- 
ss ance is measured using a Shear Adhesion FaHure Temperature Test (SAFT). Compaiative Exanrple I has a viscosity 
that is much higher than any of the other Examplea as is Indicated In Ibble 1 as high. 





TABLE 1 


Adhesive ComponeMs 


A 


B 


C 


D 


E 


F ■ 


G 


H 




1 


ECR 179-A 


60 


60 


60 


60 


60 


60 


60 


60 


60 


60 


Polybutane (Indopol H-SOO) 


3.8 


3.8 


3.8 


3.8 


3.8 


3.8 


3.8 


3.8 


3.8 


3.8 


IrgancodOlO 


0.2 


0.2 


0.2 


0.2 


0,2 


0.2 


0.2 


0.2 


0.2 


0.2 


KaydolOa 


26 


26 


26 


26 


26 


26 


26 


26 


26 


26 


Unear SIS (Sol T 193B) 


10 




















Linear SIS (Kraton D-1 112) 




10 


















Linear SIS (Vector 421 1) 






10 
















Unear SIS (Vector 4411) 








10 














Unear SIS (Vector 41 11) 










10 












Unear SIS (Kraton D-1 107) 












10 










Unear SEB (Kraton Q-1726) 














10 








Unear SEBS (Kraton 0-1652] 
















10 






Unear SEBS (Kraton G-1650) 


















10 




Radial SIS(DPX-552) 




















10 


Viscosity @ 250°F 


1300 


1550 


1250 


1050 


1625 


1675 


930 


2025 


High 


1650 


Viscosity ®300°F 


410 


475 


375 


300 


520 


535 


245 


550 


High 


550 


SAFT 


124 


104 


129 


134 


114 


107 


88 


107 


129 


140 
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EXAMPLE 2 AND COMPARATIVE EXAMPLES K-N 

Example 2 also shows the hiQh heat resistance that can be achieved using a radial styrene-isaprene-styrene poly- 
mer of the invention oonpared to conventional block polymere. while maintaining a low viscosity profile. The polymer 
5 content tor all fomulations was 10% by weight in the adhesiva 



TABLE 2 



Adhesive Components 


K 


L 


M 


N 


2 


Eastotac H-100 


60 


60 


60 


60 


60 


Naphthenic SOOs Process Oil 


30 


30 


30 


30 


30 


Unear SIS (Vector 4113) 


10 










Unear SIS (Vector 4111) 




10 








Unear SIS (Vector 4211) 






10 






Unear SIS (Vector 4411) 








10 




Radial SIS (DPX-552) 










10 


Vi6COsi1y@300°F 


155 


440 


320 


260 


400 


[SAFT 


88 


119 


134 


133 


146 



EXAMPLE 3 AND COMPARATIVE EXAMPLES O & P 

The following example illustrates the high heat r^stance that can be obtained us^g a low percent by weigM of the 
30 radial styrene-tsoprene-siyrene polymer compared to using a higher percent l>y weight of a linear styrene-butadlene- 
Btyrene polymer or a s^ren»-ethylen»4]iiladiene-styrene polymer. A much lower viscosity Is obtained using lower 
amounts of the styrene-isoprene-styrene polymar and superior heat resistance can stiD be achieved. 



55 
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TABLES 





Adhesive Components 


0 


P 


3 


5 


Rubber Type 


SBS 


SEBS 


RadHiSIS 




Escorez5400 


- 


... 


12.0 




EscorezSeoO 


... 


39.0 


4S.0 


10 


Regalrez 1018 


- 


22.5 


- 




Sylvatac1103 


58.5 








Kaydd Oil 


24.0 


15.0 


26.0 


IS 


Parapol 1300 






3.0 


KratonG1726 




17.5 


3.0 




KratonQ 1657 




5.0 






Stereon 840A 


16.5 






20 


DPX-552 






10.0 




Antjoxidanl 


1.0 


1.0 


1.0 




Viscosity @3000F 


790 


1,650 


450 




SAFT 


119 


110 


138 


2S 


NOTE: Any antioxidants) 
1076, and Irganox" 565 
to the perionnance chara 


oiown to those skilled in the art may be used. Ire 
were used in the abwe examples. These ingrei 
cterlslice of ttiese examples. 


ano)^ 1010. Irganox™ 
diente are not essential 



3a 



EXAMPLE 4 AND CONimRATIVE EXAMPLES O & P 

X The foDowing examples use rheological maasuremenis to illustrate the higher heat resistance achieved with a lower 
weight percentiage of the radial SIS versus a linear SBS and a Rnear SEBS. The glass transiflon temperature Dluslrates 
the cold temperature f lexltiin^ that is maintained with the radial SIS whto the softening point illustrates the superior heat 
resistance obtained at a lower polymer load versus the Cnear SBS and linear SEB& The higher heat resistance achiev- 
able wHh the radial SIS is further emphasized by the fact that Example 4 contains a higher piastidzer level than oom- 

40 parative examples O&P, which typically lowers the heat resistance. 



50 
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AiOieslvB Components 


O 


P 


4 


Rubber Type 


SBS 


SEBS 


Radial SIS 


Escorez 5400 


•~ 


— 


ts.o 


Escorez 5600 




39.0 


40.0 


Regalrez 1018 


— 


22.5 


- 


Syivatac 1103 


58.5 


— 


- 


Kaydol Oil 


24.0 


15.0 


29.0 


Paiapol 1300 






3.0 


Kr«onG 1726 




17.5 


3.0 


Kraton G 1657 




5.0 




Stereon840A 


16.5 






DPX-5S2 






10.0 


Antiosdclant 


1.0 


1.0 




Viscosity @300°F 


790 


1.650 


390 


Glass Transition Temp Tg (°C) 


ITOCSeeFigl 


4''CSBeRg2 


B°C See Rg 3 


Softening Point (°C) 


60°C See Fig 1 


54''CSeeng2 


77°C See Rg 3 


NOTE: Any antioxidants known to those skSled in the art nnay be used. Irganox™ 
and Irganox^" 565 were used in the above examples. These ingredients are not es 
ance chaiaderistics of these exanples. 


1010, Jrganox™ 1C76. 
isential to the perform- 



1. A hot men adhesive compositioa comprising: 

a) from about 5% to about 15% by weight of the adhesive and preferably from about 5% to about 10% 
weight of the adhesive of at least one radial styrene-isoprene-etyrene block copolymer having th e general con- 
figuration (i5S-pI-pB)nX or (pS-pl)nX wherein n is a nuntier greater than 2. said Uock copolymer having a 
molecular weight from about 90,000 to about 380.000 and a styrene content firom about 1 5% to about 35% by 
weight of the polymer; 

b) from about 0% to about 1 0% by weight of the adhesive of a oonpatifale polymer: 

c) from about 30% to about 60% by weight of the adhesive of at Jeast one compatible tacMfying resin; 

d) from about 20% to ^ut 40% by weight of the adhesive of at least one ccmpatUe plasticizer: and 

e) from a bout 0.1% to about 2% by weight of the adhesive of a stabilizer; wherein the total polymer content 
does not exceed 1 5% by weight of the adhesive and the resultant viscosity is less than about 3000 cPs at about 
120'*C. 



A hot melt adhesive composition useful for labefing, comprising: 

a) from atxjut S% to about 15% by weight and preferably from about 5% lo about 1 0% by weight of the adhe- 
sive of at least one radial block copdymer having the general configuration (pS-pl-pB)^ or (pS-pl)nX wherein 
n is a number greater than 2. said block copolymer having a nuirtjer average molecular weight from about 
90.000 to about 380.000, and preferably from about 100.000 to about 250,000. and a styrene content from 
about 1 5% to about 35% and preferably from about 20% to about 30% by weight in the copolymer; 

b) from about 0% to about 10% by weight of the adhesive of a conpaliWe polymer; 

c) from about 30% to about 60% by weight of the adhesive of at least one compatUe tacWfying resin; 

d) from about 20% to about 40% by wreight of the adhesive of at least one compatible plasticizer; and 
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e) from about 0.1% to about 2% by wefght of the adhesive of a siabHizer. twHerein ttie total polymer content 
does not exceed 15% by weight of the adhesive adhesiva 

3. "me adhesive of daims 1 or 2 wherein said radial blocfc copolymer has a coining efficiency of greater than about 
s 60% and preferably greater than about 70%. 

4. The adhesive of claims l or 2 wherein the compatible tacMfyIng resin is selected from ttie group consisting of 
aliphatic, cyctoaliphatic and aromatic hydrocarbons and hydrogenated derivatives, terpenes and modified terpe- 
nes. nssins and rosin derivatives and mixtures thereof. 

to 

5. The adhesive of daims 1 or 2 wherein ttie compatUe taddfying resin has a Mdten Gardner Color of less than 
about 3 and preferably less than about 2. 

6. Tho adhesive of daims 1 or 2 wherein the oompatUe laddfying resin is at least partially hydrogenated. 

15 

7. The adhesive of claims 1 . 2. 3 or 5 wherein ttie compalifale pdymer Is thermoplastic. 

8. Theadhesivaof daims 1 or 2 wherein ttie conipalibleplBstidzer is selected from ttie group oonsisling of naphtttenic 
oil, parafTinie oil. pdybutene, liquid elastomers, liqtdd tackifiers and mixtures thereof. 

9. The adhesive of daims l or 2 wherein the resultant Shear Adhesion Failure Temperature is greater ttnn about 
SO'C and preferably greater then about 55°C. 

10. The adhesive of claims 1 or 2 wherein ttie adhesive comprises a Mend of less than about 1 0% by weight of ttie 
» adhesiva of a radial Uod( copolymer having ttie general configuration (pS-phpB)„X or (pS-pl)„X wtierein n is a 

number greater ttian 2. said blodt copolymer having an average molecular weight from alxwt 100,000 to about 
250.000. a styrene content from about 20% to about 30% by weight of ttie polymer and a coupling effideney of 
Ofeater than about 70%: a compatible block copolymer sheeted from the group consisting of an A-Bdiblock. an A- 
B-A-B-A-B multibiodc an A-B-A trWock. a radial blodt and grafted versions ttiereof; a compatible taddfying resin 
30 selected from ttie group consisting of aliphatic, cydoaliphatic and aromattc hydrocarbons and l^rogenated deriv- 
atives, and mixtures ttiereof said taddfying resin having a Ring and Bafl softening point of about 70"C to a bout 
150>C; a compatible plastidzer sefeded from ttie group consisting of naphttienic and paiafRnie ol; and a stabifizar 
wfherein ttie total pdymer content does not exceed 1 5% weight of flie adhesiva 



40 
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